REMARKS 

Claims 1-39 are pending. By this Amendment, claim 34 of non-elected Group III 
is amended to depend from claim 1 . No new matter is added. 

Applicants thank the Examiner for the indication that the claims of Group III 
(claims 34-37) will be rejoined at the time the product claims of Group I are found 
allowable. In order to expedite rejoinder, Applicants have amended claim 34 to read "A 
me.tho.djof3vnthe.sizinqjh.e-co.nl poynd_of _claimJ.,-said-Compound-being -of-form u !a( ! ) : . 
Also, Applicants respectfully submit that claims 2 and 7 should be rejoined with the 
claims of Group I, which are allowable for the reasons discussed below. 

The Office Action rejects claims 1, 3-6 and 8-14 under 35 U.S.C. § 103(a) as 
being unpatentable over Wester et al. (J Nucl. Med., 1999) in view of Coenen et al. 
(U.S. Patent No. 4,925,651) and Tomiyoshi (Nucl. Med. Conn. 1997). These references 
and a similar rejection were discussed in Applicants' June 3, 2003, Amendment. This 
rejection is traversed. 

The Office Action asserts that u [t]he compound disclosed by Wester et al. is the 
same as that claimed ...except for the methyl group, i.e., Wester discloses radiolabled 
tyrosine and radiolabeled methyl tyrosine is claimed" (see the third sentence in the 
second paragraph at page 3 of the Office Action). The Office Action further asserts that 
"Coenen and Tomiyoshi are relied upon for teaching [that] methyl tyrosine is equivalent 
to tyrosine..." (see the third sentence in the fourth paragraph on page 3 of the Office 
Action). According to the Office Action, "[sjuch substitution is known in the art to be a 
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structurally obvious modification to gain the advantage of obtaining analogous 
chemically related compounds" (see the fifth sentence in the fourth paragraph on page 
3 of the Office Action). 

However, Applicants cannot locate any specific teaching or suggestion in either, 
of Coenen et al. or Tomiyoshi et al. that methyl tyrosine is equivalent to tyrosine. 

However, Applicants do respectfully note that in the September 23, 2002, Office 
Action, the Examiner asserted that the present application "contains claims directed to 
the following patentably distinct species of the claimed invention: the various species as 
encompassed by the claimed formula" (see the third paragraph on page 3 of the 
September 23, 2003, Office Action). Thus, it would appear from the Examiner's 
assertion that a methyl tyrosine species of the present invention would be patentably 
distinct from a compound not containing a methyl tyrosine. 

Thus, Applicants submit that the present claims are directed to a patentably 
distinct compound and should not have been rejected. Applicants further respectfully 
submit that this is particularly true for the "patentably distinct" species of claim 14. 

Furthermore, as mentioned above, Coenen et al. nowhere teaches or suggests 
the equivalency of tyrosine and methyl tyrosine. However, Coenen et al. actually do 
demonstrate that a compound having a methyl tyrosine is patentable over a known 
tyrosine compound without the "methyl". 
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In particular, Applicants respectfully note that, during the prosecution of the 
Coenen et al. patent, "2-[ 18 F]-fluoro-a-methyl-tyrosine" was determined by the U.S. 
Patent and Trademark Office to be separately patentable over the known "2- 
[ 18 F]fluorotyrosine" (see page 275, lines 2-4, of the attached reference Chirakal et al., 
"Synthesis of 2- and 3-Fluorotyrosine with Dilute Fluorine Gas,"- Journal of Fluorine 
Chemistry, vol. 37 (1987) pp. 267-278, which was cited during prosecution of Coenen et 
al.). 

Applicants have also attached hereto a copy of the Notice of Allowance from the 
Coenen et al. patent application which, at the top of page 3, states that "the prior art of 
record does not anticipate or render obvious, either singly or when combined together, 
the claimed radiolabeled compound... The prior art fails to teach such and there is no 
motivation to modify the compounds of the prior art to recite the claimed compound." 

Thus, contrary to the assertion in the Office Action, Coenen et al. actually 
demonstrates that a methyl tyrosine compound is patentably distinct from tyrosine 
compound. 

For at least the above reasons, reconsideration and withdrawal of the rejection of 
claims 1, 3-6 and 8-14 under 35 U.S.C. § 103(a) are respectfully requested. 

Applicants respectfully submit that this application is in condition for allowance 
and such action is earnestly solicited. If the Examiner believes that anything further is 
desirable in order to place this application in even better condition for allowance, the 
Examiner is invited to contact Applicants' undersigned representative at the telephone 
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number listed below to schedule a personal or telephone interview to discuss any 
remaining issues. 

In the event this paper is not considered to be timely filed, Applicants respectfully 
petition for an appropriate extension of time. The Commissioner is authorized to charge 
payment for any additional fees which may be required with respect to this paper to 
Counsel's Deposit Account 01-2300, referring to client-matter number 107380-00005. 



-Respeetfu!!y-submitted 7 




Robert K. Carpenter 
Registration No. 34,794 



Customer No. 004372 

ARENT FOX KINTNER PLOTKIN & KAHN, PLLC 
1050 Connecticut Avenue, N.W., 
Suite 400 

Washington, D.C. 20036-5339 
Tel: (202)857-6000 
Fax: (202)638-4810 

RKC/tdd 
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Art Unit 223 



1. Restriction to one of the following inventions is required under 35 
U.S.C. 121: 

1. Claims 5 and 13-16, drawn to a radioactive tyrosine compound and 
method of use, classified in Class 424, subclass 1.1. 

II. Claims 6-12, drawn to a method of making a radioactive tyrosine 
compound, classified in Class 562, subclass 445. 

2. The inventions are distinct, each from the other because of the 
following reasons: 

the compound of Group I could be made by a materially different 
process such as by first forming the claimed non-radioactive compound and 
then irradiating the fluorine to produce the claimed compound. 

3. Because these inventions are distinct for the reasons given above 
and have acquired a separate status in the art as shown by their different 
classification and recognized divergent subject matter, restriction for 
examination purposes as indicated is proper. 

4. During a telephone conversation with Carol Williams on November 
30, 1989 a provisional election was made without traverse to prosecute the 
invention of Group I, claims 5 and 13-16. 

5. The prior art made of record and not relied upon is considered 
pertinent to applicant's disclosure. 

Huffman et al. teach a protein containing a tyrosine moiety while 
Pawelek sets forth a radiolabeled phenylalanine compound. 

6. The following is an Examiner's Statement of Reasons for Allowance: 



December 14. 1989/jsm 
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the prior art of record does not anticipate or render obvious either 
sjnglv 9 rwhen combmed^gether, the claimed radiolabeled compound or 
m^m^use of said eom|ound; The prior art fails to teach such and 
• t^efeis, nrmotivation to modify the compounds of the prior-art to recite the 
claimed compound. 

Any comments considered necessary by applicant must be submitted 
no later than the payment of the Issue Fee and, to avoid processing delays 
sJipuld preferably accompany-the^ssue Fee. Such submissions should be' 
clearly labeled "Comments on Statement of Reasons for Allowance." 

7. This application is incondition for allowance except for the 
presence of claims 6-12^oratf1nvention nonelected without traverse 
Accordingly, claims 6<1 2 have been. cancelled. 

8. An inquiry concerning this communication should be directed to 
John S. Maples at telephone number 703-557-1868. 



JOHN S. MAPLES 
EXAMINER 
ART UNIT 223 




December 14, 1989/jsm 
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Serial No.: .07/280,804 

Filed: December 7, 1988 

For : RADIOHAL0GENOT YROS INE 

DERIVATIVES, THE PREPARATION 
AND USE THEREOF 

PRELIMINARY AMENDMENT 



Honorable Commissioner of 

Patents and Trademarks 
Washington, D._C. 2.02 31 




Sir: 



Prior to examination on the merits, please amend 



the above- identified application as follows: 



IN THE CLAIMS: 



Claims 1-4: cancel the claims. 



Please add the following claims: 



Cjy\ 



j JB^ Substantially pure 2 -[ 18 F] -f luoro-a-methyl- 
tyrosine. 



e> 9 




. .6. A process for preparing /substantially pure 2- 
[ 18 F ] - f luorotyrosine or 2- [ 18 F] -f ^uoro-a-methyltyrosine , 
which comprises the steps of: 



(a) reacting 




nd having the^ormul;a>: 



coo\\ 



i 
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wherein R represents hydrogen or me/thyl, and R' represents 
an acyl group, with an electrophilic radioactive fluorine 
species, to form an intermediate having the formula 




•Hi 



R 
i 

Am, 



-COQti 



wherein R is hydrogen or methyl and R' is an acyl group; 
and 

(b) hydroiyticaliy eliminating the acyl group 
from said intermediate /to form -said compound, and 
recovering said compounc^n/ substantially pure form. - — . 



7. The proc«: 
acetyl group. — 



/of claim 6, wherein R' is an 



8. The process /of claim 6, wherein in step (b) 
said hydrolysis is effected in the presence of an alkali 
metal hydroxide. — 



9. The procefes of claim 8, wherein said alkali 
metal hydroxide is solium hydroxide. — 

10. The process of claim 6, wherein in step (b) , 
the product is purified by liquid chromatography. — 

— 11. The process of claim 6, wherein in step (a), 

sadi electrophilic/ radioactive fluorine species is [ 18 F]- 



12. The /process of claim 11, wherein the reaction 
of step (a) is effected in the further presence of 
trif luoroacetic acid. — 



2 - 
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— ^ Jr^fl In a method of emission-tomographically 
measuring protein synthesis in vivo by positron emission 
tomography or single photon, emission tomography, the 
improvement comprising administering an amount, effective 
as a radio- tracer, of 2-[ 18 F]-fluorotyrosine or 2-[ 18 F]£) 
f luoro-a-methyltyrosine . 



--=»- J XZ. The method of claim , wherein said compound 
is 2-[ 18 F] -f luorotyrosine. — 

0 

fatf* The method of claim yi , wherein said compound 

is 2-[ 18 F] -f luoro- a -methyltyrosine. — <4 ~" 

— lp lt*>* The method of claim wherein said protein 
synthesis is measured in the brain •j./ ^^—" 



in' 
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REMARKS 

The subject application is amended in light of 
references cited in the accompanying Information Disclosure 
Statement. Original claims 1-5 are cancelled, and new 
claims 6-16 are added by the present amendment. No new 
matter is believed to bei added and entry of the amendments 
is respectfully requested. 

An. early action on the merits is earnestly 
solicited. 

Respectfully submitted, 



Date: 



May 24, 1989 




,/Bernhard D. Saxe 
Reg. No. 28,665 



FOLEY & LARDNER 
SCHWARTZ, JEFFERY, SCHWAAB, 
MACK, BLUMENTHAL & EVANS 
P.O. Box 299 

Alexandria, Virginia 22313-0299 
Tel: (703) 836-9300 
Fax: (703) 683-4109 
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Patent claims 

1 . 2-Radiohalogenotyrosin 
formula I 



derivative)! 




of the 



(I) 



, in particular 
, and R denotes 



in which X denotes a radioactiv 
fluorine-18, bromine-75 or ipdi 
hydrogen or methyl . 

2 . A process for the preparation of the compounds as 

claimed in claim 1, which comprises a compound of the 
formula II 



(II) 



in which R has the meaning already indicated , and R' is 
an acyl group , and/ X' is hydrogen , halogen or an 
organometallic radic/al, being subjected either to elec- 
trophilic substitution with an electrophilic radioactive 
species of the halog n which is to be introduced in the 
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2-position - where appropriate with the /addition of an 
oxidizing agent when radiobromide or raelioiodide is used 
- when X' is hydrogen or an organomet4llic radical, or, 
when X' denotes halogen, to an exchange~^eaction with the 
desired radiohalide, and, after hydifolytic elimination of 
the acyl group, the compound o4 tfif formula I which has 
formed being isolated by chrfi 

3. The use of a compounld^s claimed in claim 1 as a 
tracer for emission-tomograpJy.c measurement of protein 
synthesis in vivo by means /of positron emission tomog- 
raphy (PET) or single photon emission tomography (SPECT). 

4. Use of 2^fluoro( 1/8) -tyrosine and -methyl tyrosine 
for PET investigations/ of protein synthesis in vivo, 
especially for the purposes of cerebral diagnosis. 



Journal of Fluorine Chemistry, 37 (1987) 267-278 
Received: May I, 1987; accepted: June 29, 1987 
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SYNTHESIS OF 2- AND 3-FLUOROTrROSINE WITH DILUTE FLUORINE GAS 

R. CHIRAKAL*. K.L. BROWN , G. FIRNAU, E.S. GARNETT 
Nuclear Medicine, McMaster University Medical Centre 



O.W. HUGHES, 8.G. SAVER 
Am. Chem, Department of Chemistry^ 

^65. and R.W. SMITH 

McMaster Regional Centre for Mass Spectrometry 
McMaster University, 1200 Main St. W., 
urforsch. Hamilton, Ont., L8N 3Z5 {Canada) 



78 (1956) 

/ 

J. Phys. SUMMARY \ 



Differences in reactivity and selectivity of fluorine gas towards 
L-tyrosine and the O.N-diacetylated derivative of t-tyrosine methyl ester 
have been exploited for the synthesis of 2- and 3-fluorotyros ine. Both 
2- and 3-fl uoro tyros i ne were identified by l H, 19 F and 13 C NHR 
spectroscopy and high resolution mass spectrometry. The short synthesis 
time and high reaction yields allow this procedure to be used for the 
incorporation of the short lived positron emitting radionuclide 18 F into 
the aromatic ring of L-tyros1ne. 



Author to whom correspondence should be addressed. 
0O22-) 139/87/53.50 © Elsevier Sequoia/Printed in The Netherlands 
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INTRODUCTION 

Tyrosine Is a nonessential aromatic amino acid derived In animal 
cells by the hydroxyl at 1 on of phenylalanine. It Is a precursor of 
thyroxine and of the neurotransmitter hormones adrenaline and 
noradrenaline. It Is also a precursor of the central neurotransmitter 
dopamine. In addition, It Is a constituent of many proteins. If a 
suitable gamma emitting label can be found for tyrosine. It should be 
possible to use standard techniques of nuclear medicine to study hormone, 
neurotransmitter or protein synthesis. Carbon-li "(T^ * 20 m1n ) and 
nltrogen-13 (T wo « 10 min) would be obvious labels but their relatively 
short half life would preclude their use in studies lasting beyond a 
couple of hours. 

Fluorlne-18 (T^ 2 * 110 min) has been used successfully to label 3, 

18 

4-dlhydroxyphenylalanlne [1] and the resulting 6-[ F]fluorodopa has been 

used to visualize and quantltate the cerebral metabolism of dopamine 1n 

18 

living human brain [2]. To date, F has been Introduced Into the 

/ 

aromatic ring of tyrosine by the ScMemann reaction [3], a time-consuming J 
multtstep radiochemical synthesis that yields very small amounts (1-3%) 
of 3-fluorotyroslne. We now describe a method for a high yield synthesis 
of 3-fluorotyroslne by direct fluorlnatlon of tyrosine. We also report a 
method, using dilute fluorine gas, for the synthesis of 2- and 
3-fluorotyrostne. The synthesis and Identification of 2-fluorotyroslne 
has not been reported In the literature. The synthesis of 
2-fluorotyroslne by direct fluorlnatlon requires modification of the 
react 1 v1 ty. and orientation of tyrosine towards e 1 ec t roph 1 1 1 c 
substitution. This has been achieved by the der 1 va t 1 za t Ion of the 
phenolic group. Because our methods produce high yields and short 
synthesis times, the procedures can also be applied for the Incorporation 
of i8 F Into tyrosine. 
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RESULTS ANO OISCUSSION 



Identification of products: HPLC analysis 0 f the reaction mixture 
(fro. Scheme I) gave two UV peaks, a major one at 25 mln and a second one 
at 33 -fn. A comparison of the retention time as well as spiking the 
sample with authentic tyrosine enabled us to assign the earlier peak to 
tyrosine. The sample elutlng at 33 mln had the same retention time and 
co-chromatographed with authentic 3-fluorotyroslne. The 33 mln samp le 
and 3-fluorotyroslne showed similar U.V. characteristics (^max . 274 
nm) and their 19 F NMR spectra consisted of multlplets at -136.6 ppm. 
(Fig. 1). l H NMR spectrum of the sample revealed one less proton In the 
aromatic region when compared with the spectrum of L-tyroslne. The h 
chemical shifts and coupling constants were also similar to those of 
authentic 3-fluorotyroslne (Table I). Carbon-13 chemical shifts of both 
compounds agreed with the values pred.cted from fluorine substUuent 
shifts [4] (Table 2). ,„ add<tlon> the lw and Mgh ^ ^ 

bombardment mass spectra of the sample were Identic,! to those of 
3-fluorotyroslne and showed protonated molecular loi at M/z - 200 
C(m+H) + ]. The chemical yield, using F-18 labelled fluorine gas. was 46X 
with respect to l8 F-fluor1ne. 

2-F1uorotyros1„e was Isolated along with 3-fluorotyroslne from 
reaction Scheme II. „P U analysis of the reaction mixture showed major 
peaks for tyrosine. 3-fluorotyroslne and another peak at 34 mln. We have 
ascribed the latter peak to 2-fluorotyroslne on the basis of the 
following observations. The high resolution mass spectrum of the 
combined peaks was Identical to that of 3-fluorotyroslne. A 
radlochromatogram of the reaction mixture showed the ratio of F-18 
activity In the peaks elutlng at 33 and 34 mln to be 62:38. A l9 F NMR 
spectrum of the combined peaks gave multlplets at -136.6 ppm 
(3-fluorotyroslne) and at -115.8 PP m (Fig. T he distribution of the 
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a: </) 




■116 



-136 
(PPM) 



-137 



Fig. 1. 19 F spectrum of 3-f luorotyrosine (right) and 2-f luorotyrosine (left) 



areas under these multiplets (60:40) agreed with the distribution of F-18 
on the radtochroma tograra. A carbon-13 spectrum of the mixture gave 
signals well resolved from those arising from 3-f luorotyrosl ne. Their 
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TABLE t 



H chemical shifts and coupling constants of 3-f luorotyros 



me. 



Chemical Shifts (<f ) 
Ppm 



Coupling Constants (Hz) 





3-F tyrosine 


33 min 
sample 


H-o 


4.10 


4.03 


H-B 


3.05 


2.97 


-H-B-' 


2.94 


2.87 


H-2 


6.86 


6.79 


H-5 


6.77 


6.68 


H-6 


6.75 


6.70 



u q6 



'66' 

Ve 

V 

V 



S.7 
7,5 
-*«»8 
1.9 
6.2 
12.0 
8.2 



chemical shifts agreed with the values predicted for 2-f 1 uorotyrosl ne 
(Table 2). The combined chemical yield of 3- and 2-fluorotyroslne using 
fluorlne-18 fluorine gas was 26X. 

Synthesis of 3-f luorotyros Ine using the pyrolysls followed by acid 
hydrolysis of 2-methoxy-S (2\2'-dlcarbethoxy-2'-acetamldoethyl )-pheny1 
diazonium tetraf luoroborate £3] gives 3-fluoro-OL-tyroslne which Is of 
limited use for biological and pharmaceutical investigations because the 
L-enantiomer is needed for these studies. It has been shown that 
electrophlllc fluorlnatlon of the aromatic ring using F ? [5]. XeF 2 [6], 
and acetyl hypofluorlte [7] does not affect the ch.ral centre on the side 
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TABLE 2 



C chemical shifts (a) (pp<n) and C - F coupling constants (b) (Hz) of 
3- and 2-f luorotyrosine. 



a) 


Chemical 


Shifts 

3 -Fluoro tyrosine 




2-Fluorotyrosine 




COOH 


172.3 


COOH 






Co 


55.1 


Co 


54.6 




c 6 


35.7 


ce 


30.6 






127.6 ( 127.6)* 


c i 


113.5 (112.5)* 




c z 


118.2 (117.8) 


C 2 


162.9 (167.1) 




C 3 


152.5 (152.3) 


C 3 


104.4 (102.9) 




C 4 


144 . 0 (142.1) 


C 4 


158.2 (157.2) 




C 5 


119.4 (118.0) 


C 5 


113.1 (112.7) 




C 6 


127.0 (127.6) 


C 6 


133.6 (132.9) 


b) 


Coupling 


Constants 










5.7 
16.4 
240.7 
12.8 

2.6 


> 

3J 6.F 


16.1 
{ 243.8 
< 25.0 

12.3 
2.3 

5.7 



♦Calculated values using fluorine substituent parameters are shown in brackets. 



chain. We, therefore, believe that the fluorotyroslne obtained from both 
reaction schemes Is the L-enant 1omer. 

We [1] have shown that direct fluorlnatlon of catecholamines In 
anhydrous hydrogen fluoride produces monof luorl na ted products In high 
yields. Our results show that the fluorlnatlon of tyrosine In anhydrous 
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hydrogen fW.de ls nlgnly reg.ospec, f ,c. S , m „ar resuUs were 
when the react.on was carried out ,n tr, fWoacet.c add .nstead of 
hydrogen f, UO r,de, even though the y.e.d of 3-f Wotyros.ne was reduced 
to lit. An e.ectroph.,,c subst.tut.on „.„„ t0 the , on|c h4logenat , on 
reactions of aronat.c compounds can be offered as a poss.b.e react.on 
-han.s™. For.at.on of 3-f,uorotyros.ne (Schene „ ,s cons.stent w.th 
th.s n,echan.s,n because the ortho and para d.rect.ng nature of the -OH 
9roup ,„ tyros.ne wou.d y.e.d predon,nant,y 3-f luoro tyros, ne. „, sak , [8] 
-« reported s lm .,ar resuUs when phenol W^ wr « used as the 
substrate for direct fluor.nat.on. 

Protects of the pheno, ,c group by a less act.vat.ng group towards 
electroph.Uc subst.tut.on. such as the acety, group. should favor the 
for ffl at.on of 2-f,uorotyrosIne. Udeed.the d.rect f.uor.nat.on of 
O.K-d.acety.tyros.ne me thy, ester »„ tr.fWoacet.c ac.d so.ut.on 
(Sche.e II) produced both 2- and 3-f,uorotyros,ne. The rat.o of 2- to 
3-fluorotyros,ne was the san,e even when the react.on was carr.ed out .n 
solvents such as « 3 « or CHC1,:CFC1 3 ( l: „. „ owever . the yfelds Qf 
and 3-f,uorotyros,ne. when these so,vents were used, were very ,ow (,-3%). 

When HF. rather than TFA , was the so. vent. ,8* ,f the 
n.ononuor,„ated product was 3-f,uorotyros,ne. Th.s *ay be due to 
Mro.ys.s of the acety, groups by HF. after wh.ch the fW.nat.on 
react.on beco rae s s« ra l,ar to Scheme I. Use of acety, hypof.uor.te as the 
fW.nat.ng agent did not , ra prove the reglospedflclty of the react.on 
dep.cted ,„ scheme II. «. are un4ble tQ „„„ ^ ^ ^ 

fron, the s.de chain contrives to the orientation effect. ,f the 
f.uor.natlon proceeds pred ora .nant,y by a 'po.ar substitution .ecnan.s,, 
[9]. then the protects of the pheno„c group by.a.^ore e.ectronegatl ve 
-bst.tuent should be .ore effect, ve for the for.atlon of 

2-fiuorotyroslne. 



\ :re obtained 
•:! Instead of 
i : as reduced 
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, loga»ation 

c ,e reaction 

i 

,:tenL ith 



Reaction Scheme I provides an efficient and rapid (120 mln) method 
for the production of 18 F labelled 3-fluoro tyros I ne. Our results show 
th.t 70 mCi of 18 F [F 2 ] , s sufficient to produce 5 - € .CI of 
3-[ l8 F]fluorotyros1ne. We have demonstrated that the reactions In Scheme 
II can be used to make 2-fl uoro tyros 1 ne. Separation of 2- and 
3-fluorotyros.ne requires improved HPLC conditions. Our preliminary 
results indicate that mil Mcurie quantities of 2-[ 18 F]fluorotyrosine can 
be obtained by careful fractionation of the eluate. 



•! Ill 



EXPERIMENTAL 

L-Tyroslne {Fisher Scientific), m-f 1 uoro-DL-tyros ine (Sigma), 
hydrogen fluoride (Matheson). and tri f 1 uoroacetlc acid (BDH) were 
obtained commercially and used without further purification. 



NHR Spectroscopy / 

The ! H NHR spectra were recorded at S00.13 MHz on a Bruker AH-500 
spectrometer. When D 2 0:DC1 was used as solvent, the chemical shifts were 
reported with respect to HDO (4.6 pp.). When CDClj was used as solvent, 
the residual chloroform signal (7.24 PP m) relative to TMS was used as an 
Internal reference. l9 F spectra were recorded at 235.36 MHz on a Bruker 
WH-2S0 spectrometer. Samples were dissolved In O^DCI and the chemical 
shifts were reported in pp « relative to the external CFClj (0 pp.). 
Carbon-13 spectra were recorded on a Bruker AM-SOO spectrometer at 125.76 
MHz over a 30.0 Wz sweep width In 32 K data points. The 13 c chemical 
shifts were reported relative to external TMS. The l3 C chemical shifts 
of the aromatic carbons In 2- and 3-f luorotyrostne were calculated using 
fluorine substituent shifts [4] In ortho and meta positions of 
L-tyroslne. 
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Hass Spectrometry 

High resolution mass spectra were obtained with a double focusing VG 
ZAB-E mass spectrometer under positive ton fast atom bombardment 
conditions. Trl f luoroacetlc acid (20X) In glycerol was used as the 
tutrix and xenon was the bombarding species (8 KeV). Accurate masses and 
elemental composition of the protonated molecular ions were determ.ned 
under high resolution conditions (resolution 6000). using glycerol 
cluster ions as the reference.. 

HPLC analyses 

HPLC analyses were done using two semi -preparative reverse phase 
columns (Waters Jl-Bond.pak C,,. 7.8 m x 300 th o.W acetic acid as 

mobile phase at 2 m,/min. The eluate was monitored for UV absorption at 
280 nm. In experiments where fluorine-18 was used to determine the yield 
of the reaction with respect to fluorine, the eluate was also passed 
through a sodium iodide detector. For Identification purposes, the 
eluates were co-chromatographed and their retention times were compared 
with those of authentic L-tyroslne and 3-fluoro-OL-tyroslne. (25 and 33 
minutes respectively). 



Preparation of L-methy1-H-ac g t r 1 - (4- acet oxvoh e n | vl ),l ,Mn. f , ? 

A stream of HC1 gas was bubbled through a cold (0°C) suspension of 
L-tyroslne (3.9 g) in methanol for 1-2 „«„. T he resultant clear solution 
-as stirred overnight. The solvent was evaporated, the residue was 
redlssolved in methanol and evaporated again. The residue was then dried 
overnight to give L-tyroslne methyl ester hydrochloride (4.5 g. 88X 
yield). The crude tyrosine methyl ester HC1 was stirred, with cooling, 
in a mixture of pyrldlne-acetlc anhydride (1:1. 25 ml) for 10 mln. The 
mixture was poured into 1 H sulphuric acid (100 ml) and the product was 



!] focusing VG 

I'l 

:J>mbardment 

ij 

? 'sed as the 



(: 



(? mas--<; an( j 

t- 

! | determined 

M 

»9 glycerol 



<erse phase 
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extracted wfth ethyl acetate n , en , * 

yi acetate {3 x 60 ml) to yield a white solid (6.0 g) 

TMs was recrystalll.ed rrom ethyl acetate, filtered and washed wltn 

fc he : a r tM aCetnC lUZ) " *-* • of white solid, mp g^c 

The „ NMR spectrum of (1, in C0 C1 3 comprised signals at 1.90 (S. 3H, 
2.20 (S.3H). 3.02 (2H.ABX Pattern J Aft .. 13 70 H , , , ' 

HO. 3.6S -(S. 3H). 4 79 (. 1H , \ 

(., ih J CH _ NH . 7.3 Hz). 6.13 (broad doublet 1H) 
and 6.93-7.03 (4H AA* rr*i a ^ 

M 88K h, 9 h •"•solution mass spectrum of the 
compound gave a major peak at H/z 280 £«♦„]♦. 

l-Fluorotyrostne; Reaction Pi.-,. ^ 

L-T,r.„. e (100 mg) was placed lnaRel _ F ^ ^ 

fluoride was condensed int* i» „ 

c ' '«■«"«■ « -1S6-C. The mixture was 

massed and eguillhrated at -S5°C. Dilute fluorine gas (.. M , n neon) 
"« bulled through the solution at approximately 70- 90 ml,min for 30 
■■«*.. Hydrogen fluoride was then removed oy vacuum distillation A 
o-n residue was obtained. This was dissolved In 1 H HC1 ^nd 
— ferred into a round hottomed flask. The ..^ ^ § 

-ary evaporator and the residue was washed with water and evaporated 
-I". The final residue w dfs$ol¥ed ^ ? ^ ^ ^ ^ 

through a 0.4^ filter for HPLC separation. 

2-Fluorotyroslne: R g ,rHnn c. nr „ 

C-Pound U , dso^g, was d1ssol¥cd ln 6 . 8 ^ of trlf1uoroacetic 
•c«. The solution was kept at 0-4°C and 0.SX fluorine «„ ne „„ was 
bUbb ' Cd thr ° U9h " 7 °- 90 30 *«n. The reaction mixture was 

transferred Into a round hottomed flask and the solvent was evaporated 
under vacuum. The yellowish o„y residue that was oht.lned was dissolved 

tn 48X HBr and refluxed for 25 ra l„ ut es at 145°c THp ha 

«i t. The HBr was evaporated, 

- residue was washed with water (2 x S ml portlon$) and evaporated 

- re^ve any traces of acld. The f,„a, restdue was dissolved ,n 2 m, of 
-terand filtered through 0.4 filter for HPLC analysts. . 
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